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Biochar and the Effect on C Stock Enhancement, Emission Reduction of Greenhouse Gases and Soil Reclaimation
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Abstract There is increasing demand worldwide for application of biochar from crop residues to croplands as a key countermeasure for en—
hancing soil C stock and reducing greenhouse gases emission from agriculture. This paper reviewes the basic properies and the decomposition
stability of biochar, the benefial effects on soil reclaimation as well as in both enhancing crop yield and soil C stock by using biochar in crop—
lands. Many works done have inidcated that the biochar produced from crop residues with pyrolysis under moderate and high temperature in
absence of oxygen, has a highly aromatic chamical structure, physical and biological stability against thermal and biological decomposition,
increases nutrient efficiency as well as improving soil habitat for soil biota. Thus, it is believed that application of biochar will reach a win—
win effect for improving soil productivity and soil C stock in agriculture.

Keywords biochar; C stock and emission reduction; soil reclaimation; mitigation of climate change

4~8 Pg
i 0.5~1.7 Pg , 5
. 23% 1.6
N t N N N
21 11%
[3]0 6% [8]0
CO, «“ ” biochar
CO, .
[4|e R
561 Terra Preta TP
B, .
2009-05-20 TP
1985— 100"‘350 g
. E-mail 2009203024@njau.edu.cn 50~150 g .

E-mail: gxpan@njau.edu.cn



2460

2009 12

[9-11]

o

1
60% 1
biochar
[1310
- biofuel
l6l_
[14-16] 17
350~500 C
16l
6.38%
1.48% 450 g- kg™
pH pH 6.15
pH 5.15 X
pH Ca.Mg.K

2
[19]
pm
5]
[22]n
3
3.1
«
[23-24]
50%
neutral .
5%

Okimori ™

181, Brodowski

53

[20]

[21]

TP
35%",

50%

” carbon

25%

” carbon negative P,

368 000 t

77 000 t



28 12 2461
NH;
230 000 t CO, .Lenton ™ 2100 NH;
1/4 K.Ca Mg
40 mL-m™, Lehmann ™
9.5 Pg. 333
32
CH,.N,O
©, Rondon B2, Glaser!" Alfisol
typic haplustox pH 1352 t*hm™
4.5, Legume ICA6 2 . Baronii ™
Grammine CIAT 679 . Biochar 0.7.5.15. 30 60 t -hm™ Lolium
30 g kg™ biochar perenne 20%  52%
biochar CH,.N,O 100 200 t-hm™
8% 30%. Chan P
C/N Alfisol
1.97% pH 4.5
, N,O 0.10.25.50 t-hm™
pH . pH 2 0 100 kgN-hm™
N,O . Damu 10 50t hm™
Sheekn 1998 7 pH N, 42%  96%.
pH N,O
33 Kishimoto and Sugiura Volcanic ash
3.3.1 pH soil
K.Ca.Mg 5 15t-hm?
pH
pH.
pH
|23|° [29] 450 g
kol
i 10 . 4
pH 5.4 6.6. pH
pH 0.4 BoL,
pH N,O
6]
332
5
NH: 23% 1.6 t .

. Lehmann

TP

131]



2462

2009 12

100 t

37 2008 6 CO, 45

[37]

138]

[39-47]

[1] IPCC. Climate Change Mitigation of climate change. Working group Il
Contribution to the fourth assessment report of the IPCC[M]. Cambridge,
UK Cambridge University Press, 2007.

2] . ) ,

[J]- ,2007,3 6 322-327.
WANG Qin-hua, QU Jian —sheng, ZHANG Zhi —qiang. International
climate change mitigation technologies Advances and outreaches [J].
Advances in Climate Change Research,2007,3 6 322-327.

[3] Lal R. Soil carbon sequestration impacts on global climate change and
food security[J]. Science,2004, 304 11 1623-1627.

[4] http //env. people. com. en/GB/8978531. html.

[5] Lehmann J. A handful of carbon[J]. Nature, 2007, 447 10 143-144.

[6] Lehmann J, Gaunt J, Rondon M. Biochar sequestration in terrestrial e—
cosystems—A review [J]. Mitigation and A daptation Strategies for Global
Change, 2006, 11 403-427.

7]

- [J]. ,2009 2 77—
84.
MA ji. Reasons on burning straw in situ mainland farmers cost—benefit
comparison and analysis of constraints—Taking Duryan as an example in
Kaifeng, Henan ProvincelJ]. A gricultural Technology and Economy, 2009
2 77-84.
[8] . ) )
[J]- ,2007,52 15 1826-1831.
CAO Guo-liang, ZHANG Xiao—-ye, WANG Ya—qiang. China’s regional
agricultural straw open burning emissions estimates [J]. Chinese Sci—
ence Bulletin,2007,52 15 1826-1831.
[9] Goldberg E. D. Black carbon in the environment Properties and distri—
bution[M]. New York, John Wiley, 1985.
[10] Glaser B, Lehmann J, Zech W. Ameliorating physical and chemical

properties of highly weathered soils in the tropics with charcoal-a re—
view[J]. Biol Fertil Soils, 2002, 35 219-230.

[11] Demirbas A. Carbonization ranking of selected biomass for charcoal,
liquid and gaseous products[J]. Energy Conversion and Management,
2001, 42, 1229-1238.

[12] Demirbas A. Effects of temperature and particle size on biochar yield
from pyrolysis of agricultural residues|J]. Journal of Analytical and Ap—
plied Pyrolysis, 2004, 72, 243-248.

[13] Katyal S, Thambimuthu K, Valix M. Carbonisation of bagasse in a fixed
bed reactor Influence of process variables on char yield and character—
istics|J]. Renewable Energy, 2003, 28 713-725.

[14] , ;

[J]- ,2007,27 1 125-128.
WU Cheng, ZHANG Xiao-li, LI Guan-bin. Effects of pyrolytic temper—
ature of phenanthrene on its adsorption to black carbon[J]. China Envi—
ronmental Science,2007,27 1 125-128.

[15] Phillip S, Homann P, Caldwell B. Stabilization and destabilization of
soil organic matter Mechanisms and controls|J]. Geoderma, 1996, 74 65—
105.

[16] Brodowski S, John B, Flessa H Amelung W. Aggregate—occluded black
carbon in soil[J]. European Journal of Soil Science, 2006 57 539-546.

[17]Glaser B, Balashov E, Haumaier L, et al. Black carbon in density frac—
tions of anthropogenic soils of the Brazilian Amazon region [J]. Organic
Geochemistry, 2000, 31 669-678.

oS

[J]. ,2007,44 2 327-337.
PAN Gen—xing, ZHOU Ping, LI Lian—qing. Core issues and research
progresses of soil science of ¢ sequestration|]]. Acta Pedologica Sinica,
2007,44 2 327-337.

[19] David A Laird. The charcoal vision A Win—Win—-Win Scenario for si—
multaneously producing bioenergy, permanently sequestering carbon,
while Improving soil and water quality[J]. Agronomy Journal 2008,
100 1 178-181.

[20] Annette F, Rounsevell M, Smith P, et al. Carbon sequestration in the a—
gricultural soils of EuropelJ]. Geoderma, 2004, 122 1-23.

[21] Fanny M, Erik H. The potential contribution of sinks to meeting Kyoto
Protocol commitments[J]|. Environmental Science & Policy, 2001, 42
269-292.

[22] Okimori Y, Ogawa M, Takahashi F. Potential of CO, emission reduc—
tions by carbonizing biomass waste from industrial tree plantation in
south Sumatra, Indonesia|J]|. Mitigation and Adaptation Strategies for
Global Change, 2003, 8 261-280.

[23] http //soilcarboncenter. k —state. edu/conference/PowerPoint —files/
Rondon-Baltimore-05—files/frame. htm.

[24] Daum D, Schenk M K. Influence of nutrient solution pH on N,O and N,
emissions from a soilless culture system[J]. Plant and Soil, 1998 203
279-287.

[25] Tryon EH. Effect of charcoal on certain physical, chemical, and biolog—
ical properties of forest soils[J]. Ecol Monogr, 1948, 18 81-115.

[26] Kauffman J B, Cummings D L, Ward D E, et al. Fire in the Brazilian A—

mazon. 1. Biomass, nutrient pools, and losses in slashed primary forests



28 12

2463

[J]. Oecologia, 1995, 104 397-408.

[27] Lehmann J, Silva J P, Rondon M, et al. Slash—and—char-a feasible al—
ternative for soil fertility management in the central Amazon? //Soil
Science Confronting New Realities in the 21% Century. 7th World
Congress of Soil Science, Bangkok, 2002.

[28] Liang B, Lehmann J, Solomon D, et al. Black carbon increases cation
exchange capacity in soils[J]. Soil Sci Soc Am J, 2006, 70 1719-1730.

[29] Baronti S, Alberti G, Genesio L, et al. Effects on soil fertility and on
crops production 2nd International Biochar Conference—IBI September
8 —10 Newcastle-Gateshead, UK.

[30] Chan K'Y, Zwieten V L, Meszaros 1, et al. Using poultry litter biochars
as soil amendments [J]. Australian Journal of Soil Research, 2008,
46 437-444.

[31] Kishimoto S, Sugiura G. Charcoal as a soil conditioner[]J]. Int Achieve
Future, 1985,5 12-23.

[32] . [J]. , 1995

2 23-26.
SONG Ji-bao. Straw resources and their quality of investigation and re—
search in Zhejiang|J]. Soils and Fertilizers, 1995 2 23-26.

[33]

1990-2020 [J]. ,1995,14 3 111-116.
DUAN Zuo-liang. China crop straw burning methane, nitrous oxide e —
missions trends  1990-2020 [J]. Agro—environmental Protection, 1995,
14 3 111-116.

[34] : (1. ,
1994,10 4 67-71.

WANG Qiu-hua. Crop straw resources in rural areas of China studies|J].
The Rural Ecological Environment, 1994, 10 4 67-71.
[35] s s . [J].
,2003,25 4 62-67.
ZHONG Hua-ping, YUE Yan—zhen, FAN Jiang—wen. Characteristics
of crop straw resources in China and its utilization[J]. Resources Science,
2003,25 4 62-67.

[36] . . 2008
22 ,2008.04.21.
Department of Environmental Protection. Jinshao straw work on further
strengthening the notice. UNCED 2008 22, 2008. 04. 21.

[37] . [J]-

,2008,4 5 282-289.

PAN Gen —xing. Soil organic carbon stock, dynamics and climate
change mitigation of china[]]. Advances in Climate Change Research,
2008,4 5 282-289.

[38] hitp //www. biochar—international. org/

[39] s R , . [J].

,2006,31 10 30-34.
CHENG Hai—yan, QIU Yu—ping, HUANG Min-sheng, et al. Advance
of research on surface chemistry of black carbon[J]. Shanghai Chemical
Industry,2006,31 10 30-34.
[40] .pH [D].
2008.
CHENG Hai—yan. pH and dissolved organic matter under the influence
of black carbon adsorption of bio—pesticides behavior[D]. Shanghai
East China Normal University, 2008.
[41] : : . 1l
,2007,26 5 1681- 1684.
YU Xiang—yang, ZHANG Zhi-yong, ZHANG Xin—ming, et al. Effect of
charcoal on the degradation of chlorpyrifos in soil[J]. Journal of Agro-
Environment Science,2007,26 5 1681-1684.
[42] . ) . -
[J]- ,2007,44 4 650-655.
YU Xiang—yang, YING Guang—guo, LIU Xian—jin, et al. Hysteresis ef—
fect of charcoal on sorption and desorption of diuron by soils [J]. Acta
Pedologica Sinica, 2007, 44 4 650-655.
43 [D].
,2008.
ZHOU Dan-dan. Adsorption of bio—carbon on organic pollutants and
the mechanism of regulation|D]. Hangzhou Zhejiang University, 2008.
[44] . /
[D]. ,2007.
YU Xiang—yang. Effect of black carbon on the pesticide in the soil ad-
sorption/analytic behavior and the impact of bio—availability[D]. Yan—
gling Northwest A & F University, 2007.
[45] . / / [D].
,2008.
LIU Jian—qiu. Effect of black carbon on acetochlor in soil/sediment ad—
sorption/analytic behavior[D]. Dalian Dalian University of Technology,
2008.
[46] s s . Pb Cd
[J]- ,2006,25 5 1383-1387.
WU Cheng, ZHANG Xiao-li, LI Guan-bin. Effect of low molecular
weight organic acids on Pb** and Cd** adsorption of black carbon|[J].
Journal of Agro—Environment Science, 2006, 25 5 1383— 1387.
[47] s s . [J].
,2007,26 2 770-774.
WU Cheng, ZHANG Xiao—-li, LI Guan—bin. Sorption of Hg*, As*, Pb**
and Cd* by black carbon[]]. Journal of Agro—Environment Science,
2007,26 2 770-774.



